We empirically analyze determinants of graduates' locational choices related to job changes. Using a longitudinal, representative survey-based dataset on graduates in Germany, we do not only observe graduates' transition to the labor market but also every subsequent job change within five years after graduation. Contrary to the often made assumption that migration mainly takes place immediately after graduation, our findings show that about 75% of the graduates have more than one job within our observation period and for a nonnegligible share of them, job changes are associated with interregional migration. Estimating Heckman selection and individual fixed effects models to address selection and endogeneity biases, we find that migration is predominantly affected by graduates' previous migration and regional characteristics with varying importance at different job changes.
Introduction
In recent decades, the migration of highly skilled workers has notably gained in importance (see, e.g., Docquier and Marfouk, 2005 for international evidence). From a global perspective, this development is positive, as a more mobile highly skilled workforce leads to a more efficient allocation of labour across regions and allows for better adjustments to economic change (Wildasin, 2014) . However, from the point of view of the regions, the effects related to this migration are less clear. In particular, whether the public investment in higher education pays out depends on the extent and timing of graduate migration. Only if regions are attractive for graduates, can they benefit from their tax payments (Gérard and Uebelmesser, 2014) , and likely from an increase in innovative performance, which spurs economic growth (see, e.g., Audretsch et al., 2005 , Baptista and Mendonça, 2010 , Fritsch and Aamoucke, 2013 . However, there is considerable theoretical and empirical evidence suggesting that the individual propensity to migrate is positively correlated with human capital endowment (Coulombe and Tremblay, 2009; Machin et al., 2012) , as graduates can transfer their human capital to other regions with less loss and can adapt to new job environments more easily (Giannetti, 2003 , Fratesi, 2014 . From the regions' point of view, detailed knowledge about the determinants, extent, and timing of graduate migration is thus essential. Understanding, in particular, the role played by regional economic characteristics, which are in the realm of regional economic policy, helps the regions to develop strategies on how to keep or attract graduates (Venhorst et al., 2011) .
For this reason, a large body of empirical literature has analyzed the geographic distribution of graduates and the determinants of their location choice. However, most of this empirical evidence is based on location choice at labour market entry only. Faggian et al. (2007a) and Faggian and McCann (2009) analyze the migration of UK students from high school to university and from university to first employment. Their findings suggest that most British graduates are highly mobile at both stages, even on the NUTS 1 level. Most importantly, they confirm DaVanzo's (1976) finding that individual migration experience is positively related to subsequent migration at labour market entry. Krabel and Flöther (2012) verify this effect for German graduates, finding that 61% of graduates leave their university region for their first employment, and that 38% are even mobile on the NUTS 1 level. With respect to individual socio-economic characteristics, Krabel and Flöther (2012) find that graduates who use personal networks for job searching are more likely to stay in their university region than graduates who employ other job search channels. Migration is also less likely to occur if graduates have strong family ties or children (Clark and Cosgrove, 1991, Busch and Weigert, 2010) . In an analysis of the federal state of Bavaria, Falk and Kratz (2009) provide evidence that although an average of 75% of Bavarian graduates have their first employment in Bavaria, this differs strongly across fields of study. For example, while only 10% of graduates in mechanical and electrical engineering leave Bavaria for work, more than one third of graduates in business administration do so.
There is additional strong evidence indicating that graduates' migration decision is closely linked to regional characteristics. Using micro data on Dutch college and university graduates, Venhorst et al. (2011) find that graduates migrate to regions with relatively strong economic growth and low unemployment rates. Distinguishing between three different migrant types in a sample of Italian graduates, Marinelli (2013) confirms the existence of selective migration patterns, with weaker graduates (i.e. those with lower grades) more likely to either stay in economically poorer regions or to return there. On the contrary, the strongest graduates (i.e. those with the highest grades) are more likely to find their first employment in highly innovative regions. Buenstorf et al. (2016) find that German graduates are attracted to regions that have favourable economic characteristics (e.g. high employment opportunities and wage levels), a high degree of urbanization, and similar cultural characteristics compared with their home region. More than half of the graduates in their sample either started to work in their university region or in their home region.
Studies that analyze migration patterns and their determinants for graduates' first employment often assume that graduates do not migrate after labour market entry.
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Alternatively, there are studies that focus on the first migration events. Using an annual household survey for Germany and looking at individuals who graduated between 1984 and 2004, Busch and Weigert (2010) analyze the propensity of graduates to leave their university region, and how this changes with time since graduation. They find that slightly more than 70% of the graduates in their sample stayed in the federal state where they studied. Applying a parametric hazard model, Busch and Weigert (2010) show that this holds in particular for those with a partner, children or a degree from a university of applied sciences. Haapanen and Tervo (2012) extend this approach by additionally considering hazard rates of migration before graduation for Finnish graduates between 1991 and 2003. In line with the results of Busch and Weigert (2010) , they find that most graduates do not leave their university region within 10 years after graduation, and that migration rates decrease with time since graduation. While these studies clearly show that migration propensities decrease over time, other aspects are not studied -above all job changes which do not involve migration, and subsequent job-related migration, which might follow the first migration episode and which might also include a return to one's university region.
The purpose of the present paper is to contribute to the existing literature on the determinants of graduate migration in three important dimensions: First, by using a representative and longitudinal graduate survey in Germany, we have data of the detailed work history of German graduates for the first five years after graduation. These data allow us not only to analyze the determinants of migration at labour market entry, but also with respect to later job changes. Second, given that the migration decision with every job change is only observed for those graduates who in fact change their job, we can control for selection by the use of a Heckman selection model. Third, making use of the panel structure of our data, we apply an individual fixed effects model which helps to address possible endogeneity problems, i.e. unobserved heterogeneity. We further assess the robustness of our results by sub-sample analyses.
We find that about 75% of the graduates have more than one job after graduation and that for about half of them, job changes also imply interregional migration. Taking into account possible selection and endogeneity problems, our estimation results imply that graduates' migration is predominantly affected by previous migration and regional characteristics with changing impact across different jobs. Moreover, the effect of regional characteristics on migration is more pronounced for previously rather immobile graduates. In contrast, socio-economic characteristics and most of the study characteristics play a minor role with respect to migration.
The remainder of this paper is structured as follows. In Section 2, we present our data and study job change behavior and migration patterns. In Section 3, the possible determinants of graduate migration are discussed. The empirical strategy and our results are given in Sections 4 and 5, respectively. Section 6 concludes.
Job changes and the migration of graduates in Germany

The data
We use data collected by the German Centre for Research on Higher Education and Science Studies (DZHW, formerly HIS, Grotheer et al., 2012) on students who graduated from higher education institutions in Germany in the academic year 2004/05. The graduate survey consists of two parts -the first in 2006, and the second at the end of 2010. For the first part of the survey, which was conducted about one year after graduation, a representative sample of graduates received the questionnaire via the examination office of their respective higher education institution. Individuals are asked about their studies, their qualifications and competencies, and their transition from university to the labour market. This survey also collects information on socioeconomic characteristics such as gender, age, and marital status. Most important for the analysis here, we observe whether graduates migrated across regions for studying or for job reasons, with regions referring to the German federal states (NUTS 1). Those graduates who supplied their contact data and who agreed to be surveyed again (N = 10,560) received a second questionnaire five years after graduation. The focus of the second part of the survey is on the employment history of the graduates, specifically, the type, duration, and sector of their occupations, as well as their location. Information from this second part of the survey allows us to derive graduates' migration patterns. Of the 6,459 graduates who took part in both phases of the survey, 5,122 valid and complete responses can be used.
Given the non-responses, the DZHW attributes sample weights to each graduate, such that the panel is representative with respect to gender, degree, field of study, and region (i.e. Eastern or Western Germany). The analyses in this paper are performed using these sample weights. We also compare the simple means of our final sample with those of the overall German graduate cohort of 2005 (Destatis, 2006 , Wissenschaftsrat, 2007 so as to further assess the representativeness of our sample (see Table A .1). Overall, the mean values of our sample correspond well to those of the universe of German graduates in 2005 with regards to gender, age, university region (East versus West), and most fields of study. We observe three relatively small differences: First, graduates in our sample have, on average, slightly better (i.e. lower) exam grades than the universe of graduates of the 2005 cohort.
2 Those with better grades can be plausibly assumed to be more successful on the labour market, which may make them more likely than their less successful peers to answer the follow-up questionnaire five years after graduation. Note, however, that the final grades of those graduates with a 'state examination' are not included in the mean value for the 2005 cohort of graduates. There is evidence (see Wissenschaftsrat, 2007 ) that exam grades from state examinations are, on average, lower than 2.2 (and mostly below 2.0). The difference between the two mean values for the exam grades should thus in fact be smaller. Second, in our sample, as compared to the universe of graduates of the 2005 cohort, university graduates are under represented as compared to both graduates from universities of applied science, as well as graduates having obtained a teachers' state examination. Third, we observe less economics and law graduates but more from engineering.
Apart from concerns regarding representativeness, there are two other potential drawbacks to this data source. The first concerns the aggregation level, as obtaining detailed information about each job comes at the cost of a higher level of geographic aggregation (here, NUTS 1) than used in some other studies (see, e.g., McCann, 2009, Krabel and Flöther, 2012) . With this in mind, we interpret the observed migration as a lower bound of sub-national migration.
3 Yet, with respect to policy conclusions, the NUTS 1 level of aggregation is very suitable in our context: Due to the federal structure in Germany, important responsibilities -such as those related to the provision and financing of higher education as well as other areas of economic policy -are held at the federal level.
The second potential drawback is due to the fact that no data are available regarding more recent graduate cohorts. However, the graduate cohort of 2004/05 has one important advantage compared to newer cohorts: During the time that the members of this cohort were studying, no tuition fees were charged. Then, between 2006 and 2014, some German federal states introduced -and abolished -moderate fees. Since both recent graduates and the graduate cohort of 2004/05 share the same conditions regarding tuition, the results of this analysis of graduate migration patterns are more applicable to current graduates than other more recent cohorts.
In addition, there are other reasons which make this graduate survey well suited to our research purpose. First, due to it panel structure, we can retroactively track graduates' study and employment history, in particular, we can observe every job they had up to five years after graduation. Second, the dataset contains information about the location of the graduates at different stages of their life: when acquiring their university entrance certificate, graduating, starting their first employment after graduation, and entering every additional employment within the first five years after graduation. Finally, the survey contains many questions capturing different individual, study-related, and job-related aspects that can be used as control variables.
Migration between school, university, and employment
In order to compare our results with previous empirical findings on graduate migration, and to draw a more detailed picture of the migration of German graduates, we first provide descriptive information about graduates' transition from school to university, and from university to the labour market. Considering all graduates in our sample who went to a German university, 30.2% of the graduates left the region in which they obtained their university entrance certificate (henceforth 'school region') to study. This translated into between 18% and 82% of out-of-region students in the university regions. Whether a region hosts a large share of students from other regions is an important variable, as there is empirical evidence that the propensity to migrate is higher for those graduates who have migrated before (DaVanzo, 1976 , Faggian et al., 2007a . After finishing university, graduates typically enter the labour market.
4 On average, 36% of all graduates leave the university region for their first job 5 , whereas roughly 64% start working in the university region. These descriptive findings are relatively similar to those reported by Krabel and Flöther (2012) , who observe that 38% of German graduates in 2007 changed the region after graduation.
When taking a closer look at the subsequent location choices of the graduates in our sample, we find that the share of graduates who work in the university region five years after graduation is roughly 5 percentage points lower than the respective share at labour market entry. Hence, more than 40% of all graduates in our sample had left their university region five years after graduation, with important variations across regions. The share of mobile graduates is even larger as some graduates had moved away but later returned to the university region at some point in time during our observation period. The order of magnitude of the observed migration is comparable to that of two other studies on migration after labour market entry. For Germans who graduated between 1984 and 2004, Busch and Weigert (2010) find that, some years after graduation, more than 70% still lived in the university region and that the likelihood to out-migrate to another region decreased with every year the graduate stayed in his or her university region. Haapanen and Tervo (2012) confirm these results in a considerably larger dataset of Finnish graduates during a similar time period. Here, 90% of those who graduated in Helsinki remained in the area. However, this very high proportion of non-mobile graduates must be interpreted in light of the exceptional role of the Helsinki area for Finland -a country with a relatively low level of urbanization.
Focusing only on the first job after graduation and ignoring subsequent job changes may lead to an incomplete picture of graduate migration, as graduates may choose a first, ultimately temporary, job in one region, but move for subsequent jobs. In particular, it is important to know whether graduates have had more than one job during the sampling period, as well as whether job changes have entailed interregional migration.
Job change frequency and the importance of interregional migration
The DZHW graduate survey allows us to observe the detailed study and work history of a graduate cohort, in particular the number of jobs held by graduates and the resulting migration pattern. Figure 1a illustrates the share of graduates who held one or more jobs within the first five years after graduation: 21% had only one job, more than one third had two jobs, 24% had three jobs, 11% had four jobs, and about 6% had five or more jobs. On average, graduates had 2.5 jobs each over this five-year period.
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Given these relative frequencies, for the following descriptive and regression-based analyses, we will concentrate on the first four jobs after graduation. In Figure 1b , the share of graduates with a j-th job change is divided into those graduates who changed ("mobile") or did not change ("non-mobile") the region for their new job. While 36.2% left the university region for their first job, about 27% and 23% left the region for their second or third job, respectively. More than 18% still moved for their fourth job. Although our descriptive statistics confirm the well-known result that the likelihood to migrate decreases over time (i.e. as the number of jobs increases), we find a substantial share of mobile highly skilled graduates after labour market entry.
Using information about migration history, we can categorize each graduate according to his or her individual migration path up to the third job. We do this as we are interested in the role of previous migration (up to the third job) for subsequent migration of graduates (with up to four jobs). Our categorization is based on that used by Faggian and McCann (2009) . We differ, however, in not using graduates' home region -but rather, their university region -as the path's starting point. This was a logical choice given our focus on university regions.
7 Below, we describe the categories for two job changes (the categories used for three job changes are constructed in an analogous way). The different migration paths and the migration categories are displayed in Figure A .1 in the Appendix. Graduates who had not left the university region within five years after graduation are labelled 'Non migrants', graduates who had left the university region but then moved back to this region are labelled 'Return migrants', graduates who had left the university region and stayed there for the second job are labelled 'Job stayers', graduates who only left the university region for their second job (but not for their first one) are labelled 'Late migrants', and graduates who changed region more than once (but did not return to the university region) are categorized as 'Repeat migrants'.
Figure 2 presents a summary of the different migration paths, displaying the shares of graduates belonging to each of the five migration categories. Dark grey bars denote the distribution of the five categories for two job changes and light grey bars do so for three job changes.
8 On average, we find that for two (three) job changes, 56% (52%) of the graduates are Non migrants. Among those graduates who change region at least once, 20% (24%) are Job stayers, 11% (5%) are Late migrants, 7% (9%) are Repeat migrants, and 6% (11%) are Return migrants. Considering two instead of three job changes makes it more likely to observe interregional migration as evidenced by the lower share of Non migrants. Also the shares of Return migrants and Repeat migrants are higher. At the same time, there is also a larger share of Job stayers (i.e. graduates who started their third job in the same region as their second job) and a smaller share of Late migrants (i.e. graduates who left the university region for their third job for the first time). Summing up, several regularities can be observed: When focusing on labour market entry and subsequent job changes, the majority of graduates had more than one job 7 However, we do control for pre-university migration in our regression analysis. 8 The observed individuals can have more than these two or three job changes.
within the first five years after graduation, with a substantial number of job changes involving interregional migration. While a significant share of graduates left their university region for employment reasons, a non-negligible share of graduates also stayed or returned to their university region at some point during the five-year period.
In what follows, we will analyze the determinants of job changes and associated migration patterns in more detail.
Determinants of job changes and related migration 3.1 Dependent variables
When analyzing migration paths of graduates, it is important to take into account that sub-national migration for the first job and potential further jobs can only be observed conditional on labour market entry and further job changes, respectively. Consequently, one of our groups of dependent variables consists of dummy variables capturing labour market entry and subsequent job changes while the other group consists of dummy variables indicating whether the respective job change also meant a change of the employment region.
Explanatory variables
The reviewed empirical literature on the determinants of graduate migration in Section 1 guides our choice of explanatory variables. We include a number of socio-economic, study-and work-related characteristics but also (economic) characteristics of the university region or the region of employment and previous migration experience. Summary statistics of all variables used in the empirical analysis by job change are given in Table A .2.
Migration experience:
There is evidence in the economic literature that the propensity to migrate is higher for those individuals who have migrated before (see, e.g., DaVanzo, 1976, Faggian and McCann, 2009) . In order to test this, we control for whether graduates migrated for their studies (i.e. between the school and the university region) or went abroad during their studies. We further control for any previous job-related migration in the analysis of migration for the third and fourth job as we include our five migration categories (cf. Section 2.3 and Figure A .1 in the Appendix). Moreover, we include a dummy for whether the region of previous employment equals the school region. Being employed in the school region may lower the likelihood to migrate due to stronger ties to this region.
Regional characteristics:
The German NUTS 1 regions differ in their economic conditions. This very likely affects both the likelihood of migration and job availability. We therefore include several regional characteristics which we obtain from the German Federal Statistical Office for the university region when analyzing migration at labour market entry and for the region of previous employment when analyzing the migration determinants at subsequent job changes. First, we use the regions' GDP growth rate and unemployment rate. If individuals maximize expected income, one would expect out-migration from regions with less favourable economic conditions, i.e. a lower GDP growth rate and a higher unemployment rate. To capture the structure of the labour market, we, second, include the share of large firms (> 250 employees) among all large firms in Germany. The positive link between firm size and wages has often been shown in the economic literature (see, e.g., Troske, 1999, Gibson and Stillman, 2009 ). Third, we control for the share of the population living in cities with more than 100,000 inhabitants. This also serves to capture to some extent the three German city states Berlin, Hamburg and Bremen. Dense, urban regions are characterized by a large share of high-skilled workers because of positive sorting and the resulting higher average productivity. This, in turn, may make human capital accumulate more quickly in urban areas (see, e.g., Venables, 2010, Glaeser and Resseger, 2010) . 9 For each graduate, we assign the regional characteristics of the year in which the graduate started to work in the respective job.
10 Last, to capture possible (other) East-West differences, we include a dummy for East German regions.
Socio-economic characteristics:
We also control for individual characteristics such as gender, age, marital status, children and whether the graduate completed vocational training before studying. Especially with respect to gender, empirical results are mixed. Krabel and Flöther (2012) find that female graduates are significantly less likely to enter the labour market but equally likely to migrate for their first employment compared with male graduates. Faggian et al. (2007b) , on the contrary, provide evidence that female graduates in the UK are significantly more likely to migrate both after finishing high school and after graduating from university. Further, having a partner or having children can be expected to increase the costs, and therefore to decrease the likelihood to migrate. Also being older may be associated with stronger ties to the home region.
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Study characteristics: With the qualification level being positively related to productivity (Becker, 1964 , Mincer, 1974 , the recruitment decision can be expected to positively depend on the job candidate's qualification, which the graduate mainly signals to potential employers with the final exam grade. The expected effect of the exam grade on the migration decision is, however, ambiguous. Below-average graduates may need to search longer for a job and may need to migrate; analogously, above-average graduates may be able to realize their potential better elsewhere (Falk and Kratz, 2009 ).
As to the German system of higher education, we distinguish between universities and universities of applied sciences. Generally spoken, universities are more theoretically oriented whereas universities of applied sciences are more oriented towards the practical use of theoretical knowledge and maintain closer contact with the (regional) labour market (Jaeger and Kopper, 2014) . We would, therefore, expect graduates from universities of applied sciences to find a first job more easily but to be relatively less 9 Due to multicollinearity with the share of large firms, we cannot include a control for regions' population size. 10 By doing so, we capture the general economic situation in the different regions and at least indirectly control for the crisis years. 11 As to the characteristics which (potentially) change across time, we assign the values of the year in which the respective job change took place for age and the presence of children. Due to data issues, we cannot do this for marital status and thus use the information available at the time of labour market entry also for subsequent job changes.
mobile than university graduates (Falk and Kratz, 2009 ). Additionally, we control for a teachers' exam. Although a teachers' state examination can only be obtained at a university, the study of prospective teachers differ in that their occupational career is considerably regulated by the federal governments. Teachers are required to complete a paid training of 12 to 24 months (depending on the federal state) as part of their education. We expect that this labour market contact at an early stage makes them particularly attached to the geographical region of the training, which often coincides with the university region, also in the longer run (Mohr, 2002) .
Given the possibly geographically differing relative demand and supply for different qualifications, we also take the fields of study into account. A low relative demand may make employment more difficult and therefore migration more likely than a high demand. Following the argumentation of Falk and Kratz (2009) and Krabel and Flöther (2012) , we expect this especially to apply to graduates without a clear job-related specialization such as those with a degree in humanities and social sciences.
Job characteristics: Finally, job characteristics are likely to affect the employment probability. With respect to labour market entry after graduation, we control for whether a graduate completed a vocational training before studying. With respect to the determinants of having a second, third or fourth job, we control for the characteristics of the respective previous job. For each job we have information on whether the graduate was regularly or self-employed, part-time or full-time employed and whether he or she had a temporary or permanent contract.
The simple descriptive statistics in Table A .2 provide a first, yet suggestive, idea of the relationship between our covariates and job changes. With respect to study characteristics and fields of study, there is some indication that graduates with worse exam grades but also those with a teacher's state examination have more jobs. Likewise, the relative share of graduates from languages and cultural studies increases with the number of job changes whereas we observe the opposite for graduates of engineering. The share of women somewhat increases for the last job change considered. The higher age and the higher share of graduates with children for a larger number of jobs directly follow from how we assign updated information to the respective job change events. Turning to the regional characteristics there are tentative hints that with every job change (probably due to job-related migration) graduates are found to be in regions with a larger share of the population living in cities, larger GDP growth and a lower unemployment rate. However, they could be the outcome of both job-related migration to regions with better economic conditions or an overall economic improvement. While the first seems to be more likely, given that the period of observation includes the years of the economic crisis, further inquiry would be needed for a definite answer. The determinants of migration at job changes will be studied in more detail in the following.
Empirical strategy
Our primary goal is to analyze the determinants of the migration decision at labour market entry but also for subsequent job changes. Moreover, we aim at addressing two likely econometric problems, that is, sample selection bias and endogeneity bias. Sample selection bias occurs if the dependent variable is observed only for a restricted, nonrandom sample. Endogeneity refers to the fact that the control variables included in the model may be correlated with unobservables which are captured in the error term. To address both problems we, first, apply a Heckman selection model and, second, run a panel model with individual fixed effects.
Heckman selection model
The basic selection problem arises because the migration decision can only be observed conditional on job change, which itself is the outcome of a possibly non-random selection process. The two stage Heckman selection model (Heckman, 1979) presents the standard solution to account for sample selection. In the first stage selection equation of the standard model, a probit estimator is employed while in the second stage, the actual outcome is estimated by ordinary least squares. As in our case not only the employment but also the migration choice is binary, we apply the Van de Ven and Van Praag (1981) 
where y * 1i is assumed to be the unobservable, latent dependent variable. y 1i denotes the measured binary dependent variable of the first stage, i.e. whether the graduate changes the job. z 1i represents a vector of independent variables in the first stage, γ is the vector of coefficients to be estimated and 1i gives the error term.
Only for those graduates who change jobs can the migration decision be analyzed. The second stage of the Heckman probit selection model can thus be written as
where z 2i denotes the vector of independent variables and 2i specifies the error term which is assumed to be uncorrelated with the independent variables. In both stages, the errors are further assumed to be standard normally distributed with corr( 1i , 2i ) = ρ (Greene, 2003) . If ρ significantly differs from zero, sample selection is present, for which the Heckman model controls while a simple probit model without accounting for selection would yield biased results.
Vector z 2i differs from vector z 1i in that it additionally contains variables that are assumed to determine whether the dependent variable can be observed at all -in our case whether graduates in fact change the job. Choosing these variables is not trivial as many of our control variables can be expected to affect both employment and migration choices. Still, there should not be perfect collinearity between the vectors z 1i and z 2i in order to improve the identification. 12 We include several instruments in the first stage regression which we consider good predictors of labour market entry and job changes, respectively. More precisely, when we consider the transition from university to the labour market, we use information on whether a graduate completed a vocational training before studying at the university as an instrument as the gained labour market experience can be assumed to ease labour market entry after graduation. Yet, these connections may not only affect labour market entry but also the related migration decision. In the regressions by which we analyze the migration decision at subsequent job changes, we include job characteristics about the previous job in the first stage, such as whether a graduate was self-employed or whether the job was full-time or permanent.
Fixed-effects model
Due to a lack of data, we can only partially control for individual characteristics. Beyond the selection bias, there may be additional endogeneity problems, e.g. resulting from a correlation of the control variables with unobserved individual characteristics captured in the error term. For example, there may be unobserved characteristics which simultaneously affect the education decision, the marital status and whether to have children as well as decisions related to interregional migration. We therefore complement our analysis with an estimation exploiting the panel structure of our data by adding an unobserved time-invariant individual effect α i . Job changes j (j = 1, ..., 4) correspond to the time dimension. The latent model with individual specific fixed effects is then
where, as in Equations (1) and (2), only the actual binary migration decision at each job change y ij is observed but not the latent variable y * ij . x ij encompasses a vector of time variant control variables with β representing the respective estimated coefficients. ν ij specifies the error term (Cameron and Trivedi, 2006) .
With non-linear models, getting rid of the individual fixed effect cannot be done by taking differences or performing within-transformations as this would yield inconsistent estimates.
13 The common solution in social sciences is based on the results of Chamberlain (1980) who shows that by the use of a logit functional form, consistent estimates can be achieved while eliminating the individual specific effects α i . Despite the clear advantage of consistent results when using a conditional fixed effects logistic 12 According to Wooldridge (2003) , z 1i must be a strict subset of z 2i . 13 In particular, high numbers of individuals but low numbers of time periods lead to the problem that α i will not be consistent (incidental parameters problem).
model, there are two main drawbacks. First, with this method, α i disappears from the likelihood. As the marginal effects would, however, computationally depend on α i , they cannot be estimated (Cameron and Trivedi, 2006) . We will thus only interpret the sign and significance of the fixed effects results. Second, the number of observations considerably decreases as any individual without variation in the dependent variablethe migration decision over the observed job changes in our case -is dropped from the data.
14 For an overview of the samples, in Table A .3, we cross tabulate the share of individuals with respect to job changes and total migration instances for the Heckman model sample of 5,034
15 graduates and the fixed effects sample of 1,720 graduates and a total of 4,929 observations. In order to see whether the effects of our main independent variables -the regional characteristics and the variables capturing the migration experience -vary across job-changes, we moreover interact a categorical variable indicating the respective job change with our control variables.
Results
Results -Heckman model
For the analysis of job changes and possible interregional migration, we present average marginal effects (AME) of the second stage results of a Heckman probit model in Table 1 . The respective first stage results can be found in Table A .4 in the Appendix. The numbers of observations in each model reflect those in Figure 1b (with 100% corresponding to 5,122). The censored observations in parenthesis refer to those graduates who did not change the job and for whom the migration decision could not be observed. Note that from one model to the next model, we moreover lose a few observations due to missing answers to some of our control variables.
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Before interpreting our regression results, we, first, have a closer look at the first stage instruments of the Heckman probit model and, second, at the test statistics. The selection instruments for the first job and subsequent job changes are statistically significant. Having completed vocational training before studying at a university positively and significantly (at the 5%-level) affects the likelihood of successfully entering the labour market (Model (A1) in Table A .4). Characteristics of the respective previous job, that is, full-time employment, permanent contract or self-employment significantly (at the 1%-level) reduce the likelihood of having a further job within five years after graduation (Models (A2), (A3) and (A4)). We apply a Wald test to see whether the correlation coefficient ρ of the error terms significantly differs from zero. This would indicate that selection is present and that the Heckman probit procedure 14 Graduates who are lost from the sample include those graduates who have never migrated or always migrated when changing jobs as well as those who only have one job within five years after graduation (see Table A .3 for details). 15 Note that graduates who did not find a first job at all (N = 88) are not included in Table A .3. 16 As an example, there are 5,122-88 = 5,034 graduates who successfully entered the labour market (Model (1)). For some individuals, however, we lack some information about this first job such as the type of the contract (full-time versus part-time etc.). Only for those 4,773 individuals for whom all relevant data are available, we can analyze migration at the subsequent job change (Model (2)).
is necessary. However, selection seems to be present (on the 10% level of significance) only for the transition from the third to the fourth job (Model (4)). For all earlier job changes, including labour market entry, ρ does not significantly differ from zero. Apart from the fact that the group of graduates is in itself a relatively homogeneous one, the absence of a selection bias may also be explainable on the grounds of our empirical setting: we do not compare graduates with a third job to those, e.g., with no job at all but we compare graduates with a third job to those with two (but not three) jobs. The two groups can thus be expected to be relatively homogeneous. With respect to the full models, the Wald tests are highly significant. We can thus reject the null-hypothesis that all coefficients jointly equal zero.
Referring to the results of the second stage, migration before or during the studies has a positive and highly significant effect on the likelihood to leave the university region after graduation. Graduates who have migrated to the university region are about 26 percentage points more likely to move away after graduation. Similarly, the probability to out-migrate is 12 percentage points higher for those who went abroad during their studies. Also migration related to subsequent job changes is strongly affected by previous migration. Interestingly, though not surprisingly, we find that especially the most recent migration experience (e.g. having migrated for the previous job) positively affects subsequent migration whereas relatively far-ago migration (e.g. migration from school to university) has little or no influence on job to job migration. Further, having migrated back to the school region, which is likely the home region, tends to reduce the likelihood to out-migrate again for a new job.
With respect to our migration categories which capture previous migration paths, we find for the third and fourth job change that Non migrants (reference category) are the least mobile group. Having stayed in the university region for the previous jobs after graduation makes it rather unlikely to leave this region for a further job. Compared with Non migrants, Return migrants and Job stayers are the next least mobile graduates. Still, the propensity to out-migrate again for the third job is 13 percentage points higher among those graduates who returned to the university region for the second job compared with Non migrants. This significant difference disappears when considering migration for the fourth job. Job stayers, on the contrary, are 8 to 14 percentage points more likely to migrate for the third and fourth job, respectively, than Non migrants. Graduates classified as Late and Repeat migrants show a propensity to migrate when changing their second and third job which is between 17 and 31 percentage points higher compared with Non migrants. Overall, our results clearly confirm the DaVanzo (1976) hypothesis and previous empirical findings that migration experience is a strong predictor of subsequent migration. The characteristics of the region in which the graduates had the previous job also strongly and significantly affect their migration decision. The lower the GDP growth rate, the share of large firms and the degree of urbanity and the higher the unemployment rate the more likely graduates change the region when changing their job. Interestingly, these factors seem to become relatively less relevant when considering the migration choice for the third job (Model (3)) and completely disappear when the migration choice for the fourth job is analyzed (Model (4)).
17 If at all, they only played a slightly smaller role for migration at labour market entry. Finally, graduates who had their second job in an East German region more likely start a third job in the same region.
Study characteristics on the contrary only play a minor role for the migration decision. Less able students are more likely to out-migrate after graduation -a result also found by Krabel and Flöther (2012) while teachers stay in the region in which they graduated with a higher probability than university graduates. We can now also confirm the results found in previous literature (see, e.g., Jaeger and Kopper, 2014) that graduates from universities of applied sciences are more likely to stay in the region -at least for the third job. The field of studies has no effect on job-related migration.
Referring to the socio-economic characteristics we find that being married or having a partner as well as the presence of children significantly decrease the probability of job-related migration pointing to higher migration costs -particularly at later job changes.
We assess the robustness of our estimations in two ways, one related to the functional form of our specification and the other related to the chosen definition of the geographical units. Concerning the former, we ran simple probit, logit and OLS regressions on the migration decision without taking selection into account. The comparison between the results of these models and the Heckman results not only serves to analyse the relevance of selection but also helps to assess whether the assumed functional form affects the results. Marginal effects of each model are presented in Tables A.5, A.6 and A.7. Overall, there are only, if any, small changes in size and significance of the respective marginal effects. Only with respect to migration for the fourth job, some study fields exert a small significant effect (at the 10% level) which was not present in the Heckman model.
As to the later, one concern may be that we falsely classify graduates who commute across regions as migrants while they actually have not changed their place of residence. This potential measurement error is likely most severe for the so called city-states Berlin, Hamburg and Bremen which are surrounded by the larger NUTS 1 regions Brandenburg and Lower Saxony. In order to rule out that our results are mainly driven by commuting, we re-run our baseline regressions after merging Berlin with Brandenburg and Hamburg and Bremen with Lower Saxony, yet leaving the other NUTS 1 regions unchanged. Note that by doing this, we do no longer observe any movements between those now-merged regions, neither commuting nor "true" interregional migration. Our baseline results are robust to merging the German city 17 It could be argued that this reflects the fact that the group of graduates who have four or more jobs within five years after graduation differs from the group with fewer jobs. In order to see whether migration of graduates with four or more jobs is differently affected by regional characteristics from the beginning (and not only for migration related to the fourth job change), we ran simple probit regressions for the migration decision at each job change for this subgroup only. Estimating the determinants of the migration decisions, we did not find evidence that regional characteristics were less important compared to the full sample for migration related to the second or third job change. Results are available upon request.
states with their surrounding regions. Especially, previous migration remains a strong predictor of subsequent migration and so do -to a slightly smaller extent -the regional characteristics. The largest changes concern the degree of urbanization which -not too surprisingly -loses some significance.
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Results -Fixed-effects model
Some of the variables may suffer from endogeneity bias -particularly if unobservable characteristics affect our control variables. To deal with this issue, we run a panel model with individual fixed effects. 19 The time dimension is captured by the job changes. As we can only use those variables as control variables which are time-variant, we, consequently, lose time-invariant variables such as some of the socio-economic characteristics and the study characteristics. Moreover, when interpreting the effects and comparing them with those from the Heckman estimation, one has to keep in mind that all graduates who have no variation in their migration behavior are excluded from the sample.
The results of the conditional fixed effects logistic model are displayed in Table 2 . In Model (5), we plug in all time variant variables from the previous Heckman estimation while in Model (6), we interact each variable with an indicator denoting the respective job change. Note that we do not display the base effect of the variables that are interacted with the job change indicator variable. Yet, this is only a reparameterization from the full model which serves to more clearly see the effect which each variable at each job change has on the probability to migrate.
When considering the simple model without interactions (Model (5)), we find that the probability to migrate for subsequent job changes is larger than that when entering the labour market (base category). The time variant socio-economic characteristics children and age do not significantly affect the decision to migrate. Working in the school region is associated with a lower probability to out migrate again -a result also found in the Heckman selection model. Yet, the effect of working in the university region exhibits the reverse sign. As in the Heckman model, graduates more likely out migrate from regions with low GDP growth, a low share of large companies and degree of urbanization and a high unemployment rate.
However, the results do not provide information about whether the effects of the variables on migration differ by job changes, i.e. whether the variables play a more or less important role e.g. at labour market entry compared with later job changes. We therefore interact each of the variables with an indicator for the respective job change (Model (6)). As in the model without interactions, the time variant socio-economic characteristics children and age play a minor role with respect to migration. Only the migration decision for the fourth job is significantly positively (negatively) affected by age (age squared). The effects of the regional characteristics are interesting in that a high unemployment rate significantly affects the 'early' migration, that is, migration at labour market entry and when changing the first job while the share of large firms, urbanization, and GDP growth are significant determinants of later job changes, i.e. the second and third. One explanation may be that, after having gained some labour market experience, highly skilled graduates face a lower risk of unemployment making other regional characteristics relatively more important.
Capturing previous migration, comparable to the controls in the Heckman model, is not easy. The different migration paths can only be assessed if the graduate had at least a third job. Due to the smaller sample of our conditional fixed effects logit model, numbers of observations would then be too small. In a similar vain, migration between school and university or during studies -significant predictors in the Heckman model -are time-invariant. However, it is possible to capture previous migration at least to some extent by splitting the fixed effects sample (Model (6)) into subgroups based on graduates' early migration behavior. In Table 3 , we display the results for graduates who did and did not attend university in the school region (Models (7) and (8)) and those who were or were not mobile during studies (e.g. for a term or internship abroad, see Models (9) and (10)).
Graduates' mobility before or during studies does not strongly affect the effects of the socio-economic variables on the migration probability when changing jobs. As in the Heckman model, neither children nor age are strong predictors of migration of graduates. Only those graduates who did not migrate during studies, age exerts a non-linear, inverse u-shaped effect meaning that migration positively depends on age with this effect, however, lessening as age increases.
The effect of working in the school region reveals interesting results for both graduates who have and who have not migrated from school to university. 20 Whereas the probability to out-migrate for the first job is significant and positive for graduates who have not migrated before (Model (7)), the opposite is true for graduates who have migrated from their school region to their university region (Model (8)). This finding implies that the migration probability to leave the school/university region is only positive and significant if associated with the first migration event whereas it is negative and significant if associated with a return to this region. The negative significant effect is also found for graduates who did or did not migrate during studies (Models (9) and (10)). These findings confirm those found in the Heckman model. Due to the estimation via a conditional fixed effects logit model, we restricted our sample to those who left the university region at least once. Not too surprisingly, we find a positive and significant effect of working in the university region on migration. We will thus abstract from putting too much emphasis on interpreting this result. Referring to the impact of the regional characteristics especially on the early migration, we, again, largely confirm the results of the Heckman model (at labour market entry and when changing the first job). This holds in particular for those graduates who have been rather immobile before or during studies (Models (7) and (9)). The regional unemployment rate has a significantly positive effect and the share of large firms and the degree of urbanization affects migration significantly negatively. Put differently, the early migration decision of individuals who are more regionally bound is more strongly affected by this region's characteristics than is the migration decision of graduates who have migrated before. This finding may be interpreted in the light of the empirical finding of short-and long run wage losses for the high skilled in case of poor initial labour market conditions (Brunner and Kuhn, 2014, Genda et al., 2010) .
Socio-economic characteristics
The migration decision at labour market entry and early job changes for graduates who have migrated before is, however, not affected by regional characteristics.
Conclusion
In the present study, we analyse the determinants of locational choice related to job changes of German graduates within five years after graduation. With this, we extend existing empirical evidence which, to a large extent, considers the location choice at labour market entry only. This narrow focus neglects, however, that most graduates have more than one job after graduation -on average two to three. Moreover, for a non-negligible share of graduates, job changes are related to interregional migration. Five years after graduation, more than 40% of all graduates in our sample have left the university region. The share of mobile graduates is even larger as around 10% moved away but returned to the university region at some point in time during our observation period.
Applying a Heckman probit model and a conditional fixed effects logit model, to address potential selection and endogeneity biases, we empirically investigate the determinants of migration at labour market entry and with subsequent job changes and whether motives to migrate vary with job changes. Neither do we, however, find strong selection biases nor do the effects of the time variant variables change considerably when controlling for individual fixed effects. Whether a graduate leaves the university region for labour market entry predominantly depends on the university region's economic characteristics and the graduate's migration history. A low degree of urbanization, a low share of large firms and a high unemployment rate induce graduates to leave the region. These factors are especially important at job changes early after graduation and become less important at later job changes. Additionally, regional characteristics exert stronger effects on the migration decision of graduates who have been immobile before or during studies but less on the migration decision of previously mobile graduates. Migration decisions associated with subsequent job changes are moreover strongly connected with the migration history since graduation. Especially the most recent migration experience positively affects subsequent migration whereas relatively far-ago migration exerts little or no influence. Migration back to the school region (likely the home region) strongly decreases the probability to leave this region again.
Many, but not all, of our results confirm those found in the literature. The results differ, however, in at least one important respect: Our migration-specific control variables allow us to identify in a differentiated way the role of previous migration and, in particular, how job changes and interregional migration are related. The longitudinal structure of our data moreover enables us to highlight the changing importance of some determinants -notably regional characteristics -in the migration decision for subsequent job changes. By adding individual fixed effects, we further rule out that time invariant, unobserved heterogeneity biases our results.
A region's attractiveness for graduates -be it the own graduates or graduates from other regions -determines whether investment in higher education pays out. From our estimation results one can conclude that those German regions with less favourable economic conditions should undertake efforts to improve their productivity in order to foster employment possibilities and wage increases for the high skilled. Not only would this serve to keep own graduates in the region but also to attract graduates from other regions. Even though a region's economic conditions cannot be changed easily, at least not in the short-run, efforts which improve the work-related environment for the high skilled -even if only effective in the medium-to long-run -might be worthwhile.
What the analysis has shown above all is that a significant number of graduates is still mobile some few years after graduation. This enlarges the time window for economic policy responses of the regions. Notes: Average marginal effects (AME) of a probit model are reported. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Notes: Average marginal effects (AME) of an OLS model are reported. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1.
